Abstract. We present the spectral and temporal analysis of the X-ray flash XRF 011030 observed with BeppoSAX. This event is characterized by a very long X-ray bursting activity that lasts about 1500 s, the longest ever observed by BeppoSAX. In particular a precursor and a late flare are present in the light curve. We connect the late X-ray flare observed at about 1300 s to the afterglow emission observed by Chandra and associate it with the onset of the afterglow emission in the framework of external shock by a long duration engine activity. We find that the late X-ray flare and the broad-band afterglow data, including optical and radio measurements, are consistent either with a fireball expanding in a wind environment or with a jetted fireball in a ISM.
Introduction
With the launch of BeppoSAX it was possible for the first time to follow the temporal evolution of Gamma-Ray Bursts (GRBs) from the prompt to the afterglow emission (Costa et al. 1997 ). An important point is the definition, in terms of observational properties, of the transition from the prompt phase to the afterglow phase. Since the first observations, it was found that a key aspect is the spectral behaviour (Costa et al. 1997; Frontera et al. 2000) . During the prompt emission the spectrum is hard, and shows some evolution from hard to soft. Instead the afterglow emission is much softer and its spectral index remains constant during the whole emission from early to late observations, assuming that the cooling frequency does not pass through the observed band. In terms of temporal evolution, the transition from prompt-to-afterglow shows a wider range of properties. In some bursts there is a temporal continuity from the main event to the afterglow emission. The backward extrapolation of the late afterglow emission at the time of the burst is smoothly connected with the tail of the prompt emission, as observed in GRB 970508 (Piro et al. 1998) , GRB 971214 (Soffitta et al. 2002) and GRB 000210 . For example in GRB 000210 the light curve shows a flat tail that follows a sharp decay of the main pulse. This transition is characterized by the spectral signature hardto-soft mentioned above. In addition the power law model that describes the late afterglow emission connects smoothly with the flat tail of the light curve. In other bursts the prompt and afterglow phases appear to be well separated in time and the main event is followed by a sudden re-emission in the X-ray Send offprint requests to: alessandra.galli@rm.iasf.cnr.it band (Soffitta et al. 2002) , called re-bursting or flare. In GRB 970228 (Frontera et al. 1998 ) and GRB 980613 (Soffitta et al. 2002) a flaring activity was observed shortly after the burst on a time scale of the order of tens of seconds. These flares are characterized by a soft spectrum, similar to the late afterglow, while the main pulse preceding them is much harder and shows spectral changes. They smoothly connect with the late afterglow power law template (Frontera et al. 1998 (Frontera et al. , 2000 . This behaviour was observed on a longer time scale in GRB 011121 and X-Ray Rich XRR 011211 . In these two events an X-ray flare occurred several minutes after the burst. The transition from the hard spectrum observed in the prompt, to a soft spectrum similar to that of the afterglow, observed in early and late flares, again suggest a connection between late flares and the afterglow. However, the light curve of late X-ray flares connects with the late afterglow power law only if the origin of the time is shifted to the instant of the flare t 0 , i.e. when the flux ∝ (t − t 0 ) −α . Late X-ray flares have been observed also by Swift (Gehrels et al. 2004) in GRB 050126 and in GRB 050219a on time scales of about 100 s (Tagliaferri et al. 2005) . In GRB 050219a there is a clear discontinuity between the Burst Alert Telescope (BAT) (Barthelmy et al. 2005 ) and the X-Ray Telescope (XRT) (Burrows et al. 2005b ) data and a minor discontinuity is present also in GRB 050126. These flares do not show evidence of spectral evolution and are soft with a spectrum similar to the late afterglow one. Their light curve can be reasonably fitted by the (t − t 0 ) −α power law (Tagliaferri et al. 2005) . More recently Swift observed other late X-ray flares in XRF 050406 and GRB 050502B (Burrows et al. 2005a ). However there is some evidence of spectral evolution during these two flares.
Several scenarios were proposed to explain these flaring activities on different time scales. Rees & Meszaros (1998) have proposed that refreshed shocks are generated in fireball models where the ejecta have a range of bulk Lorentz factor. In this model, the internal slower part of the outflow can catch up with the external material during the deceleration phase and a re-brightening can arise in the afterglow light curve on long (∼ hours-days) time scales (GRB 970508). Moreover, Burrows et al. (2005a) have recently proposed that the central engine could release energy for a long time re-activating itself, and internal shocks then produce a long duration prompt emission. In the framework of the forward-reverse shock scenario, Fan & Wei (2005) have shown that adopting different values for the forward and the reverse shock parameters, the reverse shock synchrotron radiation can dominate in the X-ray band and a bump appears. In another scenario late X-ray flares mark the beginning of the afterglow emission and they are produced by a thick shell fireball (long duration engine activity) through an external shock .
In this paper we present a complete analysis of XRF 011030 observed with BeppoSAX. It shows outburst activities, with the last detected flare occurring about 1300 s after the burst. We investigate the origin of this late X-ray flare. In particular we test models in which the flare is produced by the interaction of the fireball with the external medium. We also explain the late X-ray flare occurring in GRB 011121. From broad-band afterglow modelling we attempt to constrain the density profile of the surrounding medium. Several observations indicate that long GRB progenitors are massive stars: the presence of metal absorption or emission lines in the spectrum of some events (Piro et al. 1999; Antonelli et al. 2000; Reeves et al. 2002) , the localization of optical counterpart of most of the events near the center of their host galaxy (Bloom et al. 2002) and the appearance of supernova bumps in the optical light curves of some GRB afterglows (Galama et al. 1998; Stanek et al. 2003; Hjorth et al. 2003; Malesani et al. 2004) . If the progenitor is a massive star a wind profile would be expected. On the other hand in many cases afterglow evolution appears to be better described by a fireball interacting with a uniform interstellar medium (ISM) (Panaitescu & Kumar 2001 Yost et al. 2003) .
We describe the observations of XRF 011030 in Section 2 and perform its temporal and spectral analysis in Section 2.1 and Section 2.2 respectively. In Section 3 we discuss late flares in the context of different variants of the external shock model. In Section 4 we apply a long duration engine activity (thick shell) model to the late flare appearing in XRF 011030 and in GRB 011121 and we explain it as the onset of the afterglow emission. In particular in Section 4.1 we study the XRF 011030 late afterglow emission taking into account the presence of a break occurring between 10 4 and 10 6 s after the burst. In Section 5 we use information on XRF 011030 from the optical and the radio band to further constrain the model. Our results and conclusions are summarized in Section 6.
Observations and Data reduction
The X-ray flash XRF 011030 was detected by the BeppoSAX Wide Field Camera (WFC) no. 1 on 2001 October 30th at 06:28:02, without any counterpart in the Gamma Ray-Burst Monitor (GRBM) (Gandolfi 2001) .
The peak flux is 7.5 × 10 −9 erg s −1 cm −2 and the total fluence of the source between 2 and 26 keV is equal to 1.2 × 10 −6 erg cm −2 , consistent with the typical value observed in the same range for normal GRB (Amati et al. 2002) .
The X-ray afterglow of XRF 011030 was identified by Chandra in a 47 ks exposure beginning on 2001 November 9.73 UT and in a second one of 20 ks performed on 2001 November 29.44 UT (Harrison et al. 2001) . The localization of the X-ray afterglow was consistent with the position of a radio transient (Taylor et al. 2001 Alessio et al. (2005) . The spectrum between 2 and 10 keV is fitted by a power law with a photon index Γ = 1.72
−0.20 (Table 1) . Several optical observations were carried out, none of them succeeded in associating an optical counterpart to XRF 011030. The tighest upper limits are R>21 at 0.3 days after the burst (Vijay et al. 2001 ) and R>23.6 at 2.7 days after the burst (Rhoads et al. 2001 ).
The precise Chandra localization allowed the association of the burst with a faint irregular blue galaxy observed by the Hubble Space Telescope and the Keck. The photometric observations of this galaxy suggest a redshift smaller than z ∼3.5, while the low brightness of the galaxy suggests that z > 0.6 (Bloom et al. 2003) . Since the observations allow to establish only a wide range of redshift values, in our analysis we assume z=1.
Temporal analysis of XRF 011030
We produced background subtracted light curves of XRF 011030 normalized to the detector effective area exposed to the source. The source remained in the field of view (f.o.v) of the WFC for about 1day. A significant source flux above the background level is detected until ∼ 1600 s (see Fig. 1 ). A main pulse, lasting ∼ 400 s, starts ∼ 300 s after a fainter preceding event. The main event is also followed by an X-ray flaring activity, 200 s long, which appears ∼ 1300 s after the first pulse. This X-ray flare has duration and flux similar to the pulse preceding the main event.
As the event is an X-ray flash its spectrum is soft by definition. We thus can not expect to find substantial spectral differences as those find in GRBs between the phases of precursor, prompt emission and late X-ray flare, i.e. with precursor and late flare markedly softer than the prompt emission . In any case, due to the similarities of the bursting activities that preceded and followed the main pulse in XRF 011030 with those observed in GRB 011121 , in the following we refer to these two pulses as precursor and flare respectively. 
Spectral analysis
We extracted from the WFC data the spectrum between 2-26 keV. In spectral fitting we tested a simple power law model (with and without photoelectric absorption), a broken power law model and a black body model. The results of our spectral analysis are summarized in Table 1 . All errors are quoted at 1 σ (68% confidence level).
The whole spectrum of XRF 011030, integrated from 0 s to 1550 s can be described by a simple power law ( Fig. 3 ) with a photon index Γ=1.84 +0.17 −0.16 , consistent with the simple power law photon index Γ = 1.9 ± 0.1 determined by Heise (2003) . The fit with this model gives χ 2 ν = 0.83; 25 degrees of freedom (d.o.f.). A fit of the spectrum with a broken power law having the photon index Γ 1 free to vary and the photon index Γ 2 fixed to the typical value 2.5 (Amati et al. 2002) did not bring a significant improvement of χ 2 . Also the fit with a power law with a photoelectric absorption did not bring a significant improvement of χ 2 , and led to an upper limit on the absorption column density N H < 1.5 × 10 23 cm −2 at z=1. Finally the fit with a black body model gives a χ 2 ν value greater than 2 and it can thus be rejected.
We studied the spectral evolution of XRF 011030 by dividing the data in four intervals: the precursor (from 35 s to 280 s), the first segment of the prompt emission (from 280 s to 500 s), the second segment of the prompt emission (from 500 s to 1200 s) and the flare (from 1300 s to 1550 s). We observed only a marginal spectral variability.
The precursor spectrum is well described by a simple power law with a photon index Γ=2.61 +0.76 −0.61 , marginally steeper than . This result is interesting because there is only one burst, observed by GINGA, whose spectrum is consistent with a black body (Murakami et al. 1991 ). However we cannot discriminate between these two models. 
The late X-ray flare in the context of external shock models
XRF 011030 is the event with the longest time scale flaring activity ever observed in a long GRB or in a XRF belonging to the BeppoSAX sample. Late X-ray flares were found in other two BeppoSAX events: GRB 011121 and XRR 011211. In GRB 011121 the flare appears 240 s after the prompt emission and in XRR 011211 it occurs 600 s after the prompt . In GRB 011121 the flare marks the transition from a very hard spectrum, characteristic of the prompt phase, to a softer spectrum described by a power law consistent with the afterglow spectrum observed at about 1 day . Intriguingly, it was observed that the decaying part of the flare is not connected to the afterglow emission by a simple power law. Piro et al. (2005) found that the light curve, from the decaying part of the flare to the afterglow, is well described by a simple power law if the time origin t 0 is shifted to the onset of the flare t 0 = (240 ± 10) s, i.e. F ∝ (t − t 0 ) −α . This result suggests that the flare is the beginning of the afterglow emission. Also late X-ray flares observed by Swift in GRB 050126 and in GRB 050219a (Tagliaferri et al. 2005) appear to follow a (t − t 0 ) −α power law decay, with t 0 ≈ 100s. The fit is particularly good for GRB 050126. More recently other late Xray flares were observed by Swift in XRF 050406 and GRB 050502B (Burrows et al. 2005a ).
Flares were observed also soon after the burst (from 10 s to 40-50 s) in the BeppoSAX bursts GRB 970228 (Frontera et al. 1998 ) and GRB 980613 (Soffitta et al. 2002) . In these two bursts the flare spectrum is consistent with the afterglow one at about 1 day, and the flare can be connected to the afterglow light curve using a simple power law (Frontera et al. 1998) , giving again support to the idea of a link between the flare and the beginning of the afterglow emission.
In what follows we first try to explain the late flare of XRF 011030 as due to external shock in "standard" fireball model (i.e thin shell case, ), with a continuous or discontinuous density profile. Since the flare cannot be described by this model, considering the similarity of XRF 011030 with GRB 011121, we finally explain it by shifting the origin of time t 0 to the instant of the flare, that corresponds to a thick shell fireball.
3.1. The Fireball Model: the standard "thin" shell case
In a "standard" approach, the Fireball Model assumes a thin shell ) that expands with spherical symmetry either in a constant density medium or in a wind profile environment. In this framework the emitted flux reaches its maximum at the deceleration radius r 0 and then starts to decrease. However it does this too slowly to be consistent with the onset and decay of the flare. This appears clearly in Fig. 5 , where the calculated light curve for a thin shell fireball expanding in a ISM is shown. 
Model with a discontinuous density profile
A discontinuous density profile can be produced by a variable activity of wind emission or by interaction of the wind bubble with the external uniform medium. When the fireball expands in a medium characterized by a sudden increase of density, one could expect that a larger number of photons is produced and the flux increases quickly. This is true only when the electrons cooling frequency ν c is greater then the observational frequency ν obs . On the contrary, when ν c < ν obs the emitted flux is independent on the density profile both during the slow cooling and the fast cooling regime (Panaitescu & Kumar 2000) . Let us then verify if the cooling frequency could be located above the X-ray range at the time of the flare.
A fireball expanding in an ISM decelerates at a time t dec (Panaitescu & Kumar 2000) :
During the deceleration phase (for t > t dec ) the cooling frequency ν c is given by (Panaitescu & Kumar 2000) :
Except for very low values of the Lorentz factor, Γ 0 < 30, the flare occurs during the deceleration phase and the cooling frequency ν c is given by equation 2. This equation indicates that, for typical XRF energies and parameter values, at the time of the flare, t 3 ≃ 1, the cooling frequency ν c could be higher than the observational frequency ν obs (that is in the X-ray band) only for small values of density, n < 0.07. During the deceleration phase ν c decreases with time and will pass below the X-ray range at later times.
If the fireball starts its expansion in a wind density profile the deceleration time t dec is (Panaitescu & Kumar 2000) :
and during the deceleration regime 
Also in this case, for A * 10 −3 , ν c can be higher than ν obs at the flare time. Moreover, now ν c increases with time and therefore the X-ray afterglow emission will remain sensitive to density variations. Thus, for suitable range of parameters, at the time of the flare the X-ray emission can be sensitive to density. However the duration and amplitude of the flare are not consistent with the kinematic upper limit recently established by Ioka et al. (2005) on the flares produced by the interaction of the fireball with density discontinuities. In particular, if we assume to observe GRB on axis, this upper limit is (Ioka et al. 2005) :
where f
is the fraction of cooling energy and F/νF ν ∼ (ν obs /ν c ) (p−2)/2 for ν c < ν obs . The flare duration is ∆t ≃ 200 s in XRF 011030 , and the time of the flare occurrence is (t − t 0 ) ≃ 1300 s, where the time is counted from t 0 i.e., in the case of a thin shell, from the initial trigger. Thus ∆t/t ∼0.15, and with typical parameters values the eq. 5 implies ∆F ν /F ν ≤ 0.25, while from the X-ray data of XRF 011030 we derive ∆F ν /F ν ∼ 3.6.
Long duration engine activity: the thick shell model
In the following we show how we can describe the flare in the context of the external shock scenario by shifting the origin of the time t 0 to the onset of the flare. On a theoretical point of view, the onset of the external shock depends on the dynamical regime of the fireball that is strictly related with the "thickness" of the shell , i.e. to the duration of the engine activity. In fact, a shell is defined thin or thick depending on its thickness ∆ = ct eng , where t eng is the duration of the engine activity, and also on its initial Lorentz factor Γ 0 . The shell is defined to be thick if (E/nm p c 2 ) . For our purpose, we rewrite the above equation substituting the deceleration time given in eq.(3) of Piro et al. (2005) , obtaining t eng t dec for the thick shell condition. Most of the energy is transferred to the surrounding material at t dec for thin shells or at t eng for thick shells. In the latter case the peak of the afterglow emission therefore coincides with t eng . Also, the afterglow decay will be described by a power-law only if the time is measured starting from the time at which the inner engine turns off, i.e. when t 0 ≃ t eng . In this context, the flare would thus be produced by the external shock caused by a energy injection lasting until the time of the flare occurrence, i.e. t eng ≈ 1300s. The hypothesis of external shock for the flare offers a straightforward explanation of the spectral similarity with the late afterglow data.
To develop our model, we used the prescriptions of the so called standard fireball model (Panaitescu & Kumar 2000) . They offer analytic solutions only at distances greater than the deceleration radius r 0 . But we are interested also to the so called coasting and transition phases (Zhang & Meszaros 2004 ) because we want to study and to reproduce the shape of the flare, its rise included. As mentioned above, we have taken into account the thick shell variant by introducing a time shift t 0 , i.e. implying that most of the energy for the external shock is carried at t 0 ≈ t eng . We thus solved numerically the basic equations of the fireball model. The program requires in input the parameters of the model, namely the initial value of the Lorentz factor of the relativistic shell Γ 0 , the energy value in unity of 10 53 erg E 53 , the electron population index p, the fraction of energy going into relativistic electrons ε e , the fraction of energy going in magnetic field ε B and the density of the external medium n (cm −3 ) or A * (cm −1 ). The density profile is described by the law n = 3.0 · 10 35 A * r −s , where in the case of an ISM s = 0, while in the case of a wind profile environment s = 2.
We have chosen E 53 on the basis of the energy value estimated from the fluence of XRF 011030, assuming that all the kinetic energy is converted in γ-rays and that the redshift is z = 1, to be E 53 =0.03. From our spectral analysis we found p = 2.2. In order to determine the other parameters values, we performed a study devoted to understand how they influence the calculated light curve.
We investigated the effect of model parameters on the Xray light curve produced by a thick shell fireball with spherical symmetry expanding in a ISM. The origin of the time t 0 is shifted to the instant of the flare, 1300 s. We show the X-ray flux between 2-10 keV obtained by numerical integration of the specific energy flux.
First we find, according to the fact that the X-ray emission is typically above the cooling frequency, particularly at late times, that the density n and ε B have only a marginal effect on the normalization of the X-ray light curve. Fig. 6 shows, for example, the effects of the the density n of the external medium in which the fireball expands. Differences are appreciable only at early times, when the observational frequency ν obs is smaller than the cooling frequency ν c . Fig. 6 . Effects of density n of the external medium on the Xray light curve with the origin of the time shifted to t 0 =1300 s. For the red curve n=5 cm −3 , for the blue curve n=1 cm −3 and for the green curve n=0.1 cm −3 . The X-ray light curve peak shows a small increase with n. The other model parameters are E 53 =0.03, Γ 0 =85, ε e =0.01, ε B =0.05 and p=2.2.
The effects of the parameters E 53 and ε e are presented in Fig. 7 . The normalization of the X-ray light curve depends mostly on the product of E 53 and ε e , and follows roughly a linear dependence (for p ≈ 2.2). Fig. 8 shows the effects of the initial Lorentz factor Γ 0 . Its value influences both the height and the wideness of the peak in the X-ray light curve. The greater is Γ 0 , the higher and narrower is the peak. For t ≫ t 0 , i.e. when the deceleration phase Fig. 7 . Effects of the energy E 53 and ε e on the X-ray light curve with the origin of the time shifted to t 0 =1300 s. For the green curve E 53 = 0.03 and ε e = 0.1, for the blue curve E 53 = 0.3 and ε e = 0.01, for the light blue curve E 53 = 0.03 and ε e = 0.01, for the red curve E 53 = 0.003 and ε e = 0.01 and finally for the orange curve E 53 = 0.03 and ε e = 0.001. The other model parameters are n=1, Γ 0 =85, ε B =0.05 and p=2.2. Note as the emitted flux increases with E 53 and ε e and that these parameters have about the same weight in determining the normalization factor of the X-ray light curve. has been reached for the different values of Γ 0 , the light curve is independent on Γ 0 . 
External shock from long duration engine activity in XRF 011030 and GRB 011121
We applied the model described in previous section to XRF 011030 and also to GRB 011121. In the case of XRF 011030 we studied the event both in a ISM and in a wind profile environment producing the calculated light curves and finding a family of solutions corresponding to several choices of the model parameters. In Fig. 9 and Fig. 10 we report two possible solutions for a fireball expanding in a ISM and in a wind profile environment respectively with the origin of the time shifted to the onset of the flare, t 0 = 1300 s. Small changes ( 10%) of t 0 do not appreciably change the results. We find that the calculated light curves can describe the flare, both for a fireball expanding in a wind profile environment and for a fireball interacting with a uniform medium. These two light curves do not fit the late afterglow data; this will be discussed in the next Section.
In the case of the flare of GRB 011121 we computed the light curve for a fireball interacting with a wind density profile. In fact, Piro et al. (2005) established that the GRB 011121 Xray and optical data are compatible only with a fireball expanding in a wind environment due to the temporal decay observed in these two bands. Using their parameters and shifting t 0 to the onset of the flare we find the light curve of Fig. 11 . The model describe the flare and the late afterglow, in agreement with the analysis made by Piro et al. (2005) . 
The interpretation of the break in the light curve of XRF 011030
In Fig. 2 we note that the backward extrapolation of the late afterglow flux detected by Chandra is not compatible with the upper limits observed by BeppoSAX, suggesting the presence of a temporal break. First we considered the possibility that the temporal break is related to a spectral break, i.e. to the passage of the cooling frequency ν c in the X-ray band. We first studied the case of a wind density profile, when ν c increases with the time as t 1/2 . Initially ν c can be smaller than ν obs , but there will be an instant at which it becomes greater than ν obs . This marks a break in the light curve, that becomes steeper by δα = 0.25.
The observational data of XRF 011030 suggest that the break occurs between 10 4 and 10 6 s after the burst. We thus require that ν c passes in the X-ray band during this temporal range. Equation 4 for a given time of the break T b links A * with ε B . We derive ε e and Γ 0 values in order to reproduce the light curve of the flare as described in the previous section. A * is constrained from late X-ray data and also optical and radio data (see next section). Finally the corresponding value of ε B is constrained from equation 4. In Fig. 12 we show the calculated X-ray light curve. It is interesting to note that before the break (ν c < ν obs ), i.e. during the flare, the expected photon index is Γ = (p/2 + 1) = 2.1, consistent with the value found in our spectral analysis (section 1). After the break (ν c > ν obs ) the expected photon index is Γ = [(p − 1)/2 + 1] = 1.6, that agrees with the value Γ = 1.72±0.20 found by D' Alessio et al. (2005) in the analysis of the Chandra data.
With regard to the fireball temporal evolution after the break, ν c > ν obs (Panaitescu & Kumar 2002) :
( 6) and we expect that the temporal decay index after the break is α 2 = 1.4. The analysis of Chandra data shows that after the break α 2 = 2.25 ± 0.60 (D'Alessio et al. 2005) . These values are marginally consistent.
Similar consideration can be made for a fireball expanding in a ISM. In this case the cooling frequency ν c decreases with the time as t −1/2 . Supposing ν c > ν obs before the flare, there will be an instant when ν c becomes smaller than ν obs and a break occurs. Now, after the break the temporal decay is slower than the case of a wind (Panaitescu & Kumar 2002) :
and the temporal decay index expected after the break is α 2 = 1.15, not consistent with the Chandra data. Moreover the spectrum after the break steepens, in disagreement with the spectral data.
The ISM case thus requires a different explanation for the break. We have investigated a fireball with a jet structure. The emission coming from a relativistic shell with jet symmetry is similar to the one of a spherical fireball as long as the observer is on the jet axis and the jet Lorentz factor γ is greater than the inverse of its angular spread θ 0 (Rhoads 1997) . During its expansion the fireball collects a growing amount of matter, thus the Lorentz factor γ decreases and there is an instant when γ < θ −1 0 . At this time the sideways spread of the jet becomes important and the observed area grows more quickly. This leads the flux to decrease more rapidly respect the spherical case and we expect a break in the light curve . calculated that at high frequencies the flux decreases like t −p both when ν obs > ν c and when ν obs < ν c . Thus with the electron population index p = 2.2 the predicted temporal behaviour agrees with the two Chandra observations. Once the sideways expansion of the jet becomes important the cooling frequency ν c is constant with time (Panaitescu & Kumar 2001) and the spectrum should not evolve. In our data the XRF 011030 spectral evolution is only marginally significant, in fact the photon index Γ of the power law fitting the flare is consistent within the errors with the photon index of the power law describing the afterglow (Table 1) . We thus carried out a comparison between the model and broad band data, i.e. taking into account the optical and the radio information discussed in the next Section. We find several solutions compatible with the data. This is mostly due to the additional free parameter of this model. The two solutions shown in Fig.13 encompass the range of values of the model parameters determined on the basis of the available data. Note that the density can vary within 3 orders of magnitude. 
Broadband analysis of XRF 011030 afterglow data
No optical counterpart has been detected for XRF 011030. Among all the optical observations we considered those performed by Vijay et al. (2001) and Rhoads et al. (2001) because they are the more constraining. The upper limits are: R>21 (Vijay et al. 2001 ) and R>23.6 (Rhoads et al. 2001 ) at 0.3 and 2.7 days after the burst respectively. We correct magnitudes for the reddening due to the absorption of our Galaxy finding R > 20.4 and R > 23.1 (corresponding to an optical flux F ν,opt1 = 1.79 × 10 −28 erg cm −2 s −1 Hz −1 and F ν,opt2 = 1.69 × 10 −29 erg cm −2 s −1 Hz −1 ) for the two observations. In the radio band Taylor et al. (2001) Hz −1 about 10.5 days after the burst. For a jetted fireball expanding in an ISM a solution that accounts for X-ray (blue curve of Fig. 13 ), optical (blue curve of Fig. 14) and radio (blue curve of Fig. 15 ) is given by E 53 = 0.03, Γ 0 = 260, n = 2 · 10 −2 , ε e = 0.03, ε B = 8 · 10 −4 , p = 2.2 and T b = 8 · 10 5 s. We investigated how well the parameters are constrained, with particular regard to the density. The density is mostly constrained by the data below the cooling frequency, in this case optical and radio data. The corresponding emitted flux in the optical band is given by (Panaitescu & Kumar 2000) :
This same relation applies for the radio data because, at the time of the observation, the injection frequency ν i is below or very near the observational frequency ν obs . The lack of data below the injection frequency ν i (i.e. at earlier times) allows for a wide range of density values because, as shown in the equation above, it can be compensated by an appropriate choice of ε B . In fact this parameter influences very little the normalization of the X-ray light curve. This is shown in Fig.s 13, 14 and 15, where we present another solution corresponding to very small density n = 5 · 10 −5 , and to ε B = 0.05, Γ 0 = 420. In the case of the spherical fireball in a wind, the break has to be self-consistently described (i.e without the addition of a free parameter). The parameters are therefore better constrained, E 53 = 0.03, Γ 0 = 45, A * = 0.003, ε e = 0.025, ε B = 0.008, p = 2.2. The corresponding X-ray, optical and radio light curves are shown in Fig.s 12, 16 and 17.
Summary and conclusions
In this paper we have presented the temporal and spectral analysis of the X-ray flash XRF 011030 observed by BeppoSAX. This event is the longest of the BeppoSAX sample, with a duration of ∼ 1500 s. In particular, along with the main pulse, we find a precursor event and a late X-ray flare.
While the spectrum of the main burst is not consistent with a black body, we cannot exclude this model for the precursor. This result could be due to the lower statistics available, but it is nonetheless interesting to note that, so far, there was only one example of precursor consistent with such a model (Murakami et al. 1991) . This feature could be associated to the cocoon formed by the jet emerging at the sur- face of the collapsing massive star (Ramirez-Ruiz et al. 2002; Waxman & Meszaros 2003) . X-ray flares were observed by BeppoSAX also in GRB 970228 and in GRB 980613 on time scales of 30-50 s and in GRB 011121 and in XRR 011211 on time scales of 250-600 s. The observed similarity of the spectra of these flares with that of the late afterglow is straightforwardly accounted in the framework of external shock, i.e. with the flare representing the onset of the afterglow. Indeed short time scale flares are connected to the late afterglow data by a power law. For the two events presenting flares at later times, a connection with the late afterglow is acceptable only by shifting the origin of the time t 0 to the instant of the flare, i.e. with a power law (t − t 0 ) −α ). This implies a long duration engine activity (thick shell fireball, ).
We find that this scenario fits nicely with the observational data, including the X-ray flare and the late broad band radio, optical and X-ray afterglow observations of XRF 011030 . The latter, carried out by Chandra, indicate the presence of a temporal break occurring between 10 4 s and 10 6 s after the burst. We carried out a detailed modelling of the data, finding good agreement with observations for a spherical fireball expanding in a wind medium and for a jetted fireball expanding in a ISM. In the first case the temporal break is explained by the passage of the cooling frequency in the X-ray band.
In the context of the external shock scenario, the time shift t 0 ∼ 1300 s is due to a long energy release form the central engine, that remains active until the time of the flare, when most of the energy is transferred to the surrounding material . In this case the peak of the afterglow emission coincides with the flare and the afterglow decay will be described by a self-similar solution by counting the time from the instant the inner engine turns off, i.e. when t 0 ≃ t eng .
We also find that a thin shell fireball can not describe the flare in a continuous density profile, in fact, in this case the flux rises and decays too slow to describe the shape of the flare. Also with a discontinuous density profile it is very difficult to produce flares high and narrow as that observed in XRF 011030.
Recently Swift observations are showing the presence of late X-ray flares in several other events. Some of these flares appear to have a spectral behaviour consistent with that of late X-ray flares observed by BeppoSAX, i.e. a soft spectrum substantially well differentiated from the hard prompt emission typically attributed to internal shock (GRB 050126 and GRB 050219a, Tagliaferri et al. (2005) ). These two events appear to follow reasonably well a (t − t 0 ) −α power law, with t 0 ≈ 100 s. Instead in two other flares, observed in XRF 050406 and GRB 050502B, the hardness ratio suggests a spectral evolution resembling the prompt emission. This behaviour has been thus interpreted by Burrows et al. (2005a) as due to internals shock produced by a long duration central engine activity. In conclusion we note that the present data suggest the existence of two categories of late X-ray flares, differentiated by their spectral behaviour. It is also interesting to note that both in the framework of the internal shocks scenario and in that of external shock, the explanation of late X-ray flares requires a central engine that remains active about until the time of the flare.
